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1. The pilot of a free balloon does not need to trouble 
about horizontal steering, since the direction of flight depends 
on the prevailing wind. He must, however, pay constant attention 
to vertical maneuvering. 

In fact, careful consideration will show that a balloon is 
normally in a state of equilibrium, but constantly subject to var- 
ying forces which comoel it to change its altitude. Only for a 
few moments can a balloon remain at the same altitude and even 
then its equilibrium is essentially unstable, since it may change 
at any instant. 

If a balloon could start at zero velocity, that is, at the 
west practicable sr>eed, then it might reach its navigation alti- 
tude without going beyond it, and, under ideal conditions, might 
remain in equilibrium at that altitude indefinitely. Actually the 

V an starts at a speed which is often considerable and the al- 
titude of equilibrium is passed at the first bound- Thus, much 
eas is lost and only by releasing ballast can the balloon be main- 
tained at the altitude reached. 

It is difficult, h owever, to calculate exactly the amount of 
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either on account of gas lost in rising; above the altitude of 
equilibrium or from the loss of lifting po-rer ovring to the cool- 
ing of the gas. In this case he must act promptly if he does not 
ish to come to earth. 

Under such circumstances, it is a question of determining 
the exact amount of ballast to be released and of seeing that 
this amount is not exceeded, since excessive lightening of the 
balloon has two harmful consequences: It reduces the duration of 
the voyage and limits the zone of stable navigation, since the al- 
titude of equilibrium rises each time ballast is throm out. 

3. What means does the pilot possess of knowing exactly the 
value of the vertical motive force and, consequently, the quantity 
ballast to be released in order to Yeen the same altitude? 



Although, as we see, the oroblem is essentially one of dynam- 
ics, the oilot has hitherto had at his disposal onlv instruments 

ich might help him to solve it indirectly by deductions concern- 
ing the dynamical conditions of the balloon. 



be no further acceleration and the velocity rill assume a constant 
value V, vt.ich is the normal velocity corresponding to the mot- 
ive force. Under such conditions the resistance R of the medium 
is equal and opposite to the vertical resultant F of the motive 



forces and we have 



F = R » k V 8 



Until this normal velocity has been reached, the vertical re- 
sultant of the forces acting on the balloon is given by the differ- 



ence 



= k V s - k v s 



and for the acceleration, therefore, we have 

5) M g = kfr* - v 3 ) 

at 

But knowing only the value of the acceleration, -re cannot 
Iways determine the value of the motive force, which is 

F = k V 3 = !! ^ + k v 8 
at 



Perhaps this is the reason why no one has thought of making a de- / 
vice capable of giving the value of the vertical acceleration of /) 
the balloon directly. 

But, though the motive force cannot usually be calculated from 
the acceleration alone, there is a moment -vhen this can be done, 
namely, when the balloon reaches its maximum altitude at the end (1 
of an upward movement and begins to descend for loss of gas, after/ 
beins: carried beyond the altitude of equilibrium by the force of 




of the upward rebound, the acceleration T7ill indicate the totr.l 
value of the acting force. 

If, on the contrary, the gas begins to e:et heated, and the 
balloon rises, the initial acceleration alone does not give the to- 
tal increase of lift, since the heating process is continuous. 
Nor does the acceleration give this value later, vrhen the ascending 
velocity v, begins to be appreciable, for equation 5 sho^s that, 
in order to estimate the total power, we must take into account 




e rate of acceleration and the velocity . at the given momer.i.. 
Stole is also the case rhen the balloon has already acquired an ap- 
preciable falling speed. 

From the preceding considerations trG make the following im- 
portant deductions concerning vertical maneuvers: % 

1. Having only speed indicators, the value of the lost lift- 
ng force to be compensated by releasing ballast can be determined 

only when normal velocity is reached. This is not always easy and 
is often quite impossible. 

2. Having^only acceleration indicators, the value of the var- 
iation of the lifting force, if this force is still undiminished, 
can be determined at the inception of the corresponding motion, 

or compensation may be ef f ected\hile the motion is developing, if 
the balloon can be kept at a negligible speed. 

3. If the balloon has already attained appreciable speed, 
s value of the motive force (allowing for the resistance of the 

medium) can only be determined by means of instruments registering 
both speed and rate of acceleration. . 

We may therefore say that, in order to determine just how 
much ballast to release, the pilot must have instruments giving 
simultaneously both speed and rate of acceleration. In particular 
cases, either one of these instruments may suffice. 

4. For the oerfect execution of vertical maneuvers, we must 
therefore, have instruments for measuring speed and also for meas- 
uring acceleration- 



These lines are quoted from Foncelet 1 s "Industrial Mechanics" 
end t)rove the importance of the force of inertia* They give, in 
fact, e clear description of the construction and functioning of a 
vertical accelerometer, especially in the phrase underlined. Of 
course, the word "accelerometer" does not actually occur, nor is 
there any hint that the experiment might he turned to a practical 
purpose. 

Nevertheless, I considered the passage of sufficient interest 
to quote, since it is the earliest exposition I have found of the 
principles underlying the construction of a vertical accelerometer 
operated by inertia. 

5. From all this it would appear that; in order to have a 
vertical accelerometer, it would only be necessary to take an or- 
dinary spring balance, hang a weight on it, mark zero opposite the 
position of the pointer when at rest, and graduate the scale from 
this point upward and downward so that the rate of acceleration of 
ascent or descent would be indicated. 

In point of fact, this might suffice, but would hardly be 
racticable, because if only a spiral spring and a rectilinear 
scale were employed, the instrument would be either too clumsy 
or not sensitive enough. To throve this, we hove only to remember 
that the spring lengthens or shortens in proportion to the varia- 
ion of the weight it is bearing. Therefore, if it is desired to 
ke the instrument sensitive to small accelerations, the scale 
would have to be made very long, in order to indicate serious dis- 
turbances of equilibrium also. 

I. V. Foncelet. "Mechaninue Industrielle," p. 42, par. 66. 
Published in 1839, by Leroux cc Company, Lidge. 




It is therefore advisable to make adjustmentr so si to give 
the angle a an approximate value of 30°. But e' r en then only 
about half of the circumference can be utilised for the scule: 
the mrper quadrant for negative accelerations: and the lower Quad- 
rant for positive accelerations. 

Hov/ever, by adopting the device ■htnm in Fig. 3, we can doub- 
le the length of the scale, that is, we can extend it to the 
'Thole of the circumference without increasing the diameter of the 
ring. As shorn in the figure, the two rin2;s a* and a" are 
equal and revolve respectively about horizontal axes o 1 ar.d o 5! • 
Each has a weight attached to it, p 1 to the left of ring a 1 
and p" to the right of ring a", the action of the weights be- 
ing opposed by that of the springs m 1 and. m JI , which are also 
equal and similarly placed. 

It is evident that, whether the vertical acceleration be up- 
ward or downward, the two rings will always rotate through equal 
angles but in opposite directions. If, therefore, we place the 
rings on the same axis and fix a pointer on the rim of one and a 
graduated scale on the rim of the other, the rotation of 160° of 
both rings in opposite directions will cause the pointer to pass 
over the whole 560° of the scale and thus utilise the whole of the 
c i r cumf er enc e . 

Figs. 3, 4 and 5, give the plans of an instrument thus devised. 
Fig. 3 gives a front elevation, and Figs. 4 and 5 show two cross 
sections with the diametrical planes passing through the axis, one 
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